Objective: We investigated the efficacy, safety and an optimal schedule of maintenance therapy with intravesical instillation of Bacillus -Calmette Gué rin in patients with non-muscleinvasive bladder cancer. Methods: We compared the oncological outcome and adverse events of maintenance Bacillus -Calmette Gué rin therapy (n ¼ 40) with control subjects (n ¼ 64) of BacillusCalmette Gué rin induction therapy. Maintenance therapy was scheduled to be administered in 3-week cycles at 6, 12, 18, 24 and 36 months after the induction therapy.
INTRODUCTION
Non-muscle-invasive bladder cancer (NMIBC) recurs in up to 80% of cases and progresses in up to 55% (1) . To date, there have been numerous reports concerning the use of prophylactic intravesical instillation therapy after transurethral resection of bladder cancer (TUR-Bt). As a result, many guidelines currently recommend a standard treatment of TUR-Bt with a curative intent, followed by adjuvant intravesical instillation.
In intermediate-or high-risk patients, intravesical instillation of Bacillus -Calmette Guérin (BCG) as induction and maintenance therapies is recommended (2) . Several large studies have reported the efficacy of BCG maintenance therapy. A meta-analysis showed that only BCG instillation as a maintenance therapy prevented the progression of NMIBC (3) .
The European Association of Urology guidelines on TaT1 bladder cancer strongly recommended that BCG must be given in a maintenance schedule (level of evidence: 1a) (4) on the basis of a reduction of 37% in the odds of progression (P ¼ 0.00004) in 20 trials in which some form of BCG maintenance was given (5) . The American Urological Association's Guidelines for the Management of NMIBC provide only a moderate recommendation for BCG maintenance therapy in patients with high-risk NMIBC (6) . Likewise, the National Comprehensive Cancer Network guidelines (V.I.2010) state that maintenance therapy with BCG is optional in this setting (7) . Thus, although BCG maintenance therapy is recommended to prevent the recurrence or progression in patients with high-risk NMIBC, the recommendation differs somewhat from guideline to guideline.
Many different maintenance schedules have been used, but the optimal schedule of induction and maintenance instillations remain unknown. One meta-analysis was unable to determine which BCG maintenance schedule was the most effective (5) . In the Southwest Oncology Group (SWOG) famous randomized study (8) , the maintenance period was longer than 2 years, and a total of 21 maintenance instillations were administered. The administration of multiple instillations, however, leads to higher morbidity and the subsequent discontinuation of treatment. Consequently, in this study, only a small percentage of patients were able to complete the 3-year maintenance dosing schedule. Nevertheless, the 3-year maintenance BCG therapy has been performed empirically in a similar way until now at many institutions without therapeutic rationale. Therefore, we must establish the adequate BCG maintenance schedule to enhance the most highly efficacy in cancer control and produce the fewest side effects as soon as possible.
In this study, we retrospectively evaluated the efficacy and safety of intravesical BCG maintenance immunotherapy in preventing recurrence and progression of NMIBC with the aim of developing an optimal maintenance schedule.
PATIENTS AND METHODS
Patients with histologically confirmed Ta, T1 urothelial carcinoma or carcinoma in situ (CIS) of the bladder were eligible for inclusion in the study. The TNM classification was assessed according to the general rules for clinical and pathological studies on renal pelvic, ureteral and bladder cancers as detailed in the Japanese Urological Association's 2011 classifications (9) . Risk group classification was performed in accordance with the guidelines of the European Association of Urology (1) . Patients with any of the following were excluded from the analysis: (i) history of muscle-invasive or metastatic bladder cancer; (ii) history of carcinoma of the urethra, prostate (ducts or stroma) or upper urinary tract; (iii) history of local radiation therapy to the pelvis; (iv) history of intra-arterial or systemic chemotherapy; (v) history of previous BCG therapy; (vi) classification as low risk for recurrence and progression according to the European Association of Urology guideline (1); (vii) hydronephrosis; (viii) strongly positive tuberculin reaction or active tuberculous lesion; (ix) residual urine of .150 ml after urination and severe bladder irritation before the start of drug administration; (x) active double cancer or other serious medical complications.
Patients with previous intravesical instillation of chemotherapeutic agents were eligible for inclusion provided they had discontinued treatment at least 6 months prior to the start of BCG induction therapy. At least 6 weeks after TUR-Bt, patients received the initial 4 -8 weekly intravesical administrations of 81 mg of BCG (Connaught strain) in 40 ml of physiological bacteriostatic preservative-free saline solution per each week. In the case of moderate-to-severe adverse drug reaction (ADR), dosage reduction to 27 mg of Connaught strain and delay in administration not for longer than 3 weeks from the scheduled administration day was allowed. The solution was instilled into an emptied bladder through a catheter. All patients were instructed and confirmed to retain the solution for 2 h after instillation, changing position every 15 min.
After 2006, we recommended the maintenance therapy for all patients after induction therapy. Maintenance therapy was administered weekly for 3 weeks, starting at 6, 12, 18, 24 and 36 months after TUR-Bt. For maintenance therapy as well as induction therapy, in the event of ADRs, dosage reduction to 27 mg and delay in administration was allowed. Patients given even one instillation as maintenance therapy were included in the maintenance group. We included the patients with only induction therapy before 2006 as control subjects. To prevent severe ADR, we administrated antibiotics (new quinolones) to all patients for 3 days not only during induction therapy but also during maintenance therapy.
We retrospectively compared the oncological outcomes between the maintenance and induction groups. Patients in both the groups underwent urinalysis, urinary cytology and cystoscopy after BCG instillation. These examinations were repeated every 3 months for the first 3 years and thereafter every 6 months in order to observe the presence or absence of recurrence and progression. Visible recurrences or suspicious lesions were removed by TUR-Bt and biopsy. Whenever disease progression was suspected, imaging tests such as computed tomography scans were performed. All recurrences were confirmed by histopathology, and progression was defined as muscle-invasive tumor or metastatic disease. Progression was also regarded as recurrence.
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Maintenance BCG for NMIBC Recurrence-free survival (RFS) and progression-free survival (PFS) were defined as the period elapsed between the last BCG induction instillation and recurrence or progression, respectively. The significance of differences in the patient background factors between the two groups was examined by the x 2 and t-test. RFS and PFS curves were calculated by the KaplanMeier method, and statistical significance between the groups was determined by the log-rank test. The significance of differences in the total number or the total dosage of BCG instillations between patients with and without recurrence or progression was examined by the t-test. Univariate and multivariate Cox proportional hazard models were used to estimate the prognostic factor on RFS and PFS.
ADRs were divided into local (bladder-related) side effects and systemic side effects. Both local and systemic ADRs were monitored at every visit and assessed according to the Common Terminology Criteria of Adverse Events version 4.0. During induction or maintenance periods, local and systemic ADRs were graded and recorded. Statistical analysis was done using R (version 2.14.0). Statistical significance was determined at P , 0.05. All tests were two-sided.
RESULTS
A total of 104 patients were enrolled at our institute in this retrospective study. The tumor characteristics of the two groups were well balanced (Table 1 ). There were no significant differences in the follow-up period between the two groups (induction group: 42.3 + 33.1 month, maintenance group: 51.1 + 34.6 month, P ¼ 0.207). Histological typing showed all patients except one in the maintenance group and two in induction group had urothelial cancer. In patients in the maintenance group, the median number of maintenance BCG instillations was four times and the median dose of maintenance BCG instillation was 243 mg.
Of the 40 patients in the maintenance group, 12 (30.0%) completed the planned 3-year maintenance treatment. The highest percentage of all the three instillations per cycle was observed at the 12th month (61.9%) compared with other cycles (6th month: 25.2%, 18th month: 31.6%, 24th month: 41.9%, 36th month: 26.3%). During follow-up periods, 29 patients (27.9%) experienced recurrence and 8 (7.7%) progressed to muscle-invasive disease or metastasis. There was no significant difference in the total number and total dosage of induction or induction þ maintenance BCG instillation between patients with and without recurrence or progression (Table 2) . Moreover, there was no significant difference in the weeks of delay in instillation of induction BCG between patients with and without recurrence or progression (Table 2) . Thus, differences in the total number, total dosage and period of delay to induction of BCG instillation did not influence either recurrence or progression in this study. Recurrence was confirmed in 6 patients (15.0%) in the maintenance group and in 23 (35.9%) in the induction group. The estimated Kaplan -Meier 5-year RFS rate was The differences in the total number, total dosage and the period of delay in scheduled instillation of induction with or without maintenance BCG therapy did not influence either recurrence or progression. There was, however, significant difference in the total number and total dosage of maintenance BCG instillation between patients with and without recurrence or progression. 
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Maintenance BCG for NMIBC 72.4% for patients in the maintenance group and 62.0% for those in the induction group. There was a significant difference in the 5-year RFS rate between the groups [hazard ratio (HR) ¼ 0.341, P ¼ 0.019, Fig. 1A ]. Multivariate analysis revealed that the rate of recurrence was statistically associated with tumor grade (HR ¼ 5.3), prior intravesical chemotherapy (HR ¼ 0.2) and maintenance BCG instillation (HR ¼ 0.2) ( Table 3 ). In patients with intermediaterecurrence-risk NMIBC, there was no significant difference in the 5-year RFS rate between the groups (P ¼ 0.389, Fig. 1B ). In patients with high recurrence risk NMIBC, however, patients in the maintenance group had a significantly reduced risk of recurrence when compared with those in the induction group (P ¼ 0.009, Fig. 1C ).
Disease progression was seen in only one patient (2.5%) in the maintenance group and in seven patients (10.9%) in the induction group. The estimated Kaplan -Meier 5-year PFS rate was 96.3% for patients in the maintenance group and 84.8% for those in the induction group. There was no significant difference in the -year PFS rate between the groups (P ¼ 0.115, Fig. 2A) . Although univariate analysis revealed that the rate of progression was statistically associated with CIS (HR ¼ 5.5), multivariate analysis did not show any clinical significant prognostic factor (data not shown). Although in patients with intermediate progression risk NMIBC there was no significant difference in the 5-year PFS rate between the maintenance and induction groups (P ¼ 0.364, Fig. 2B ), in patients with high progression risk NMIBC the 5-year PFS rate with the log-rank test indicates a significantly lower progression rate in the maintenance group than in the induction group (P ¼ 0.047, Fig. 2C ).
In this study, the maintenance schedule comprised 3 weekly instillations at 3, 6, 12, 18, 24 and 36 months. However, since the optimal dose and timing of maintenance instillations are unknown, it is not clear whether our maintenance schedule is appropriate. At first, we examined the time at which instillation is most critical to prevent tumor recurrence and progression. Because of the small sample size, we could not evaluate the effect of a 36-month instillation for maintenance therapy. We therefore investigated the efficacy of 6-, 12-, 18-and 24-month instillations for maintenance therapy. Univariate Cox proportional hazard models demonstrated that the respective institution at 6, 12, 18 and 24 months as maintenance therapy are not significant prognostic factors for recurrence, individually (Table 4 ). There was, however, significant difference in the total number and total dosage of maintenance BCG instillation between patients with and without recurrence or progression (Table 2) . So, we examined the optimal total number and the total dosage of maintenance BCG instillations (Table 5) . Compared with less than four times, maintenance BCG instillation of four times or more significantly improve the tumor recurrence (HR 0.2, P ¼ 0.039, Table 5 ). As compared with 9.1% of progression rates in patients with maintenance BCG therapy less than four times, no cases with maintenance BCG therapy of four times or more show progression (Table 5) . Similarly, in terms of the total dosage of maintenance BCG instillations, compared with 243 mg or less, maintenance BCG instillations with a total dosage of .243 mg significantly improve the tumor recurrence (HR: 0.2, P ¼ 0.041, Table 5 ). As compared with 9.2% of progression rates in patients with a total dosage of 243 mg or less as maintenance BCG therapy, no cases with a total dosage of .243 mg as maintenance BCG therapy show progression (Table 5) .
Although urination-related local ADRs occurred in 84.4% of patients in the induction group during the induction instillation, the frequency of Grade 2 urinary events was low, and there were no Grade 3 events. Table 6 shows the local and systemic ADRs observed during both the induction therapy and maintenance therapy in the maintenance group. There Jpn J Clin Oncol 2013;43(3) 309 was no significant difference between the induction therapy and the maintenance therapy in the frequency of all local (induction: 57.5%, maintenance 67.5%, P ¼ 0.657) and systemic (induction: 27.5%, maintenance 22.5%, P ¼ 0.606) ADRs.
DISCUSSION
Intravesical BCG maintenance therapy has been often indicated as an adjuvant treatment following induction therapy to reduce the rate of recurrence and progression in patients with intermediate-or high-risk NMIBC. At present, intravesical BCG maintenance therapy is expected to play an established role in not only complementary therapy but also in its continuing effectiveness without local and systemic ADR. As a result, many guidelines worldwide recommend intravesical BCG maintenance therapy for patients with high-risk NMIBC (4, 6, 7, 10) . In this study, as with previous studies (3 -5,8) , patients with high-risk NMIBC who received maintenance BCG instillations had a significantly reduced risk of recurrence and progression compared with patients who received induction BCG only. Although intravesical BCG instillation is often associated with undesirable ADRs, in the European Organization for Research and Treatment of Cancer prospective study, the majority of cases of discontinuation as a result of ADRs were seen during induction therapy and the first 6 months of maintenance therapy, suggesting that BCG maintenance does not necessarily increase the occurrence of adverse events (11) . Another report concluded that there were fewer ADRs with maintenance therapy than with induction therapy (12) . In line with these previous studies, there were also no significant differences in the frequency of all local and systemic ADRs between the induction therapy and maintenance therapy in the present study. Understandably, patients who tolerated well to BCG treatment during the induction therapy can receive maintenance therapy safely and comfortably. 
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Many different maintenance schedules have been used. However, the optimal number, duration and total dosage of maintenance instillations remain empirical. Maintenance therapy consisting of a total of eight instillations every 3 months (13), a total of 12 monthly instillations (14) , a total of 24 monthly instillations (15) and 6-week maintenance every 6 months for 2 years (16) were all reported to have no effect on prevention of recurrence. As a prospective study from SWOG (8) including 550 patients randomized to a weekly BCG regimen for 6 weeks, followed or not by three weekly instillations at the third and sixth months and every 6 months thereafter for up to 3 years, added support to the use of maintenance therapy and seems to be regarded as the standard maintenance instillation method, we followed this schedule in this study. To date, however, there is no universal consensus on the most effective instillation. From the results of univariate analysis in this study, the each respective institutions at 6, 12, 18 and 24 months as maintenance therapy are not significant prognostic factors for recurrence, individually. So, we examined the optimal total number and the total dosage of maintenance BCG instillations ( Table 5) . As a result, in terms of the total number of maintenance BCG instillations, compared with less than 4 times, maintenance BCG instillation of 4 times or more are significantly improve the tumor recurrence (HR 0.2, P ¼ 0.039, Table 5 ). In terms of the total dosage of maintenance BCG instillations, compared with 243 mg or less, maintenance BCG instillation with a total dosage of .243 mg significantly improve the tumor recurrence (HR 0.2, P ¼ 0.041, Table 5 ). No cases with maintenance BCG therapy of four times or more or with a total dosage of .243 mg as maintenance BCG therapy show progression (Table 5) . We therefore concluded that maintenance BCG instillations for a total of four times or more or with a total dosage of .243 mg Jpn J Clin Oncol 2013;43(3) 311 after 6 months of induction therapy is necessary to obtain the optimal effect as maintenance therapy. In this study, we use the BCG Connaught strain with the standard dose of 81 mg. To paraphrase our results, therefore, when using the BCG Connaught strain, we should administered the standard dose of 81 mg four times or more as maintenance therapy. Needless to say, we need to be aware of the limitations of this study. After induction therapy, many patients want to delay or refuse the next instillation as maintenance therapy as much as possible. It is due in large part to a low frequency of maintenance instillation. Consequently, there is a possibility of insufficient evaluation as maintenance therapy.
In their meta-analyses, Böhle et al. concluded that at least 1 year of maintenance BCG was required to show the superiority of BCG over mitomycin C in preventing recurrence or progression (3, 17) . Combined with our results it is necessary to examine in detail the total number, period and dose of instillations as maintenance therapy is required. It is well-known that BCG intravesical instillation is often associated with severe ADRs. Several studies have investigated dose reduction of BCG, mainly for the purpose of decreasing the frequency and severity of these ADRs. Previously, several studies concluded that a one-third dose is as effective as a full dose but has less toxicity (18 -20) . In this study, there was no significant difference in the RFS between the full-dose instillation group and the dose-reduction group (data not shown). Accordingly, considering our results, when we reduce the of a single dose as maintenance instillation, we may expect the effect similar to standard dose by increasing the total number of doses.
Compliance with maintenance therapy is a serious issue (21) . The completion rate of maintenance therapy in the SWOG trial was 16% (8), whereas another study (22) reported that only 1 of 111 patients completed seven cycles of maintenance therapy. Of the 65 patients on the maintenance therapy schedule of 6 weeks every 6 months for 2 years, 33.85% completed the planned 2-year treatment (16) . In the present study 12 of the 40 patients (30.0%) completed 5 cycles of maintenance therapy. Despite a low rate of completion in the SWOG trial as well as in this study, BCG maintenance therapy significantly improved the rates recurrence and progression of high-risk NMIBC. That is to say, there may be many unnecessary instillations. Taken together including our results, it may be possible to considerably reduce the frequency of unnecessary BCG administration as maintenance therapy. Of course, since each patient has their own immune statuses, it may be difficult to establish the optimal instillation schedule for maintenance therapy. However, even a few local and systemic ADRs have a considerable influence upon a patient's quality of life. Our results show that it might be possible to decrease the number of maintenance instillations. To avoid unnecessary maintenance instillations and to reduce ADRs, establishment of an optimal maintenance schedule should be given high priority.
In conclusion, for prevention of recurrence and progression of NMIBC, maintenance BCG therapy was more effective than induction BCG therapy alone. Although limited in size and scope, the present retrospective study suggests both the usefulness of BCG maintenance therapy in patients with high-risk NMIBC and the probability that a schedule with fewer maintenance instillations would still be effective. The aim of future studies will be to continue exploring both the benefits and the optimal treatment schedule of maintenance BCG therapy in patients with high-risk NMIBC.
